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Paracentrotus buidus (Echinodermata: Echinoidea) 
Under Natural and Rearing Conditions (Effect of Diet 
on Biochemical Composition of Urchins) 
Catherine Fernande~ 
CEVAREN, UNIVERSITY DE CORSE, BP. 52; 20 250 CORTE, FRANCE 
ABSTRACT. The biochemical composition (expressed as % dry weight) of the test, gut and gonad of Parucentro- 
tus lividus was estimated. Sea urchin biochemical composition was studied in two natural populations of a coastal 
Mediterranean lagoon and in two rearing stations, one in open sea and one inland. Artificials feeds were adminis- 
tered to the reared urchins in order to evaluate variations in the biochemical composition of this species when 
prcjvided different food resources. The results reveal that, for the natural populations examined in this study, 
the biochemical composition of the gonad, gut, and test do not depend on food availability and, hence on the 
quantity of food consumed. The comparison between wild and reared sea urchin biochemistry reveala that organ 
biochemical composition is strongly influenced by the quality of the feed. The use of artificial feed containing 
kh meal (rich in protein), favours a storage of reserves in the gonad, the gut, and even in the test in the form 
of lipids and/car carbohydrates. This is true for both open sea and inland rearing. COMP HIOC'HEM PHYSIOL. I18A; 
4:1377-1384, 1997. 0 1997 Elsevier Science Inc. 
KEY WORDS. Aquaculture, artificial diet, biochemical compu>ition, inland and open hea rearmE!, lagoonal 
environment, Parucentrotus hidus, sea urchin 
INTRODUCTION 
The biochemical composition of sea urchin organs has been 
studiecl in several species originating from various environ- 
ments including shallow, deep, tropical, temperate and po- 
lar waters ( 11,2 1,29,30,3 1). Several authors have also stud- 
ied the biochemical evolution of sea urchins during 
starvation (4,i) in order to increase OUT understanding of 
storage in the different organs of the Echinoidea. Despite 
these studies, little information is available on the effect of 
diet on tissue biochemical composition. 
Paracrntrotus lividus (Lamarck) is a very widespread spe- 
cies on Atlantic and Mediterranean coasts, and plays an 
important rc)le in the development of benthic macrophyte 
(36). Thi> species is also subject to intensive commercial 
fishing in .seveml countries. For this reason, a considerable 
number of studies have been undertaken dealing with sea 
urchin nutrition and growth in order to improve the farm- 
ing of this species (10,14,25,26). There has been little re- 
search carried out, however, which focuses on urchin hio- 
chemical composition. 
The aim of this study was, therefore, to monitor the effect 
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of diet on sea urchin biochemical composition in popula- 
tions living in the field (populations with or without access 
to an abundant food source) and in rearing sites (individuals 
fed in excess with different artificial or natural feeds). This 
information should allow for a better understanding of the 
nutrition of sea urchin, particularly how feeds affect the hio- 
chemical composition of the body components and there- 
fore how nutrients are allocated to the different tissues. The 
results should help to define an adapted artiticial diet which 
is important for the successful development elf sea urchin 
farming. 
MATERIALS AND METHODS 
To observe the effect of diet on the biochemical composi- 
tion of sea urchins, individuals sampled from different popu- 
lations were analyzed. Four populations were examined in 
all. Two are natural populations whose food TesouTces are 
either low or abundant. The other two are reared popula- 
tions, one present in the lagoon (open sea semi-extensive 
rearing) and the other in the large tank of a pilot sea farm 
(intensive inland rearing). Reared populations were fed nat- 
ural and artificial feeds. 
In s[tU, specimens of Paracentrotur 1ieJidu.s were collected 
from two sites situated in the Urbinu lagoon. This lagoon 
is located on the eastern coast of Glrsica (Mediterranean, 
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France) (42 03’ N; 9 28’ E). These two stations differ mainly 
in the availability of food. Other conditions (depth, hydro- 
dynamism, temperature and salinity) are similar at both sta- 
tions. The “pebble station” consists of a bottom made up 
of pebbles and is very sparsely occupied by macrophytes. Sea 
urchins at this station consume mostly plant detritus, dead 
animals and micro-phytobenthos (7). The “seagrass bed sta- 
tion” is characterized by a sandy bottom colonized by Cymo- 
docea nodosa (Ucria) Asherson (seagrass) and provides an 
abundant supply of food. Indeed, Cymodocea nodosa is con- 
sidered to be a preferential food source of Puracentrotus Iiv- 
idzls (34). The repletion index is always lower for individuals 
from the pebble station (where trophic resources are lim- 
iting) than for those from the seagrass bed station. These 
differences of nutrition between the two stations more dis- 
tinct than the repletion index would seem to suggest, if the 
level of organic matter really ingested is examined. At the 
pebble station, approximately 53% of the gut content con- 
sists of mineral material not used by sea urchins; the plant 
fraction accounts for only 24% of the content. At the sea- 
grass bed station, the mineral fraction is only 3%, while 
plant matter represents 95% of the gut content (7). Samples 
were taken from both stations and from two size classes. 
Ten sea urchins 3 l-40 mm and another ten 41-50 mm in 
diameter were sampled quarterly (August 1991, November 
1991; February 1992 and May 1992). The data obtained 
from the last samples will be used as a reference in the com- 
parison with reared sea urchin data. As a result, only the 
samples month and size classes which correspond exactly to 
those performed for reared specimens will be presented here. 
For the “open sea rearing in enclosure” station, sea ur- 
chins were grown for 2 years in four enclosures set up in 
the Urbinu lagoon. The enclosures consisted of rectangular 
net pens (2 m X 1 m). The sides and the bottom were made 
of 1 cm mesh plastic netting. The enclosures were posi- 
tioned in such a way that the netting was at least 20 cm 
above the surface of the water at high tide, and the bottom 
was 30 cm above the substrate (8). Diet during the rearing 
period consisted of one of the following four different feed 
types and was supplied once or twice weekly. In enclosure 
1, the feed provided was the marine phanerogam Cymodocea 
nodosa. In enclosure 2, a vegetable-based artificial feed (rich 
in carbohydrates) was distributed. In enclosure 3, the feed 
type consisted of a mixed-based artificial feed (balanced be- 
tween proteins and carbohydrates) and, in enclosure 4, the 
feed distributed consisted of an animal-based artificial feed 
(rich in proteins). A more in depth description of the feeds 
composition is provided in Table 1. Ten sea urchins (size 
class 3 l-40 mm) were sampled quarterly from each enclo- 
sure from November 1992 to May 1993. 
For the “intensive in land rearing in tank,” sea urchins 
were grown for 6 month in tanks of an urchin pilot farm 
scheme. This experimental set-up consists of a building 
measuring 9 m by 4 m housing several series of superimposed 
tanks (3 m X 0.15 m X 0.15 m) that are used for rearing 
operations. For each series, the water circulates through the 
force of gravity between the tanks. The cascades resulting 
from this arrangement enable the water to be oxygenated. 
The experiments were carried out in four of these tanks. 
The farming facility’s water flows through an open circuit 
to the lagoon. The water temperature does not differ from 
the lagoon temperature, and follows the seasonal variations 
(from 8°C in February to 30°C in August) (8). Diet during 
the rearing period consisted of the four different feed types 
mentioned above: in tank 1, the feed provided was the ma- 
rine phanerogam Cymodocea nodosa; in tank 2, the vegeta- 
ble-based artificial feed, in tank 3, the mixed-based artificial 
feed and in tank 4, the animal-based artificial feed. Ten 
sea urchins (size class 41-50 mm) were sampled from each 
rearing tank at the end of the experimental period (August 
1994). 
All individuals were dissected into their various body 
components: the test (with spines), the gonad, and the gut. 
Half of the tissues was homogenized with an Ultra turax 
and the level of soluble proteins, carbohydrates and lipids 
was estimated using the Lowry method (27), Dubois 
method. (4) and Barnes and Blacktock method ( 1) tech- 
niques, respectively. Water content was determined by plac- 
ing the remaining half part of the tissues in an oven at 70°C 
until a constant weight was obtained. Ash content was de- 
termined by placing the dried tissues in a muffle furnace at 
500°C for 4 hr. Insoluble protein levels were estimated by 
subtraction as described by Lawrence and Kafri (22) (Al- 
though this method is a generally accepted method, it may 
be a little problematic with mature testes for which nucleic 
acids may contribute significantly to the composition of the 
tissue, rather than insoluble proteins). 
Data were processed by one-way-analysis of variance 
(ANOVA) in order to enable the monthly comparison for 
each biochemical component of gonad, gut and test. These 
Anova were followed by Tukey tests (36). Beforehand, nor- 
mality and homoscedasticity were verified by Kolmogorov- 
Smirnov and Bartlett tests, respectively (36). To observed 
the effect of site/diet on seasonal variations, two-way 
ANOVA were used. The two factors analyzed were the 
“site/diet” factor and the “season” factor. These analysis 
were performed only for the sea urchins collected in situ and 
in enclosures (size class 3 l-40 mm) for each tissue and each 
biochemical component. The software Statgraphics plus (v. 
1.4) for Windows was used. 
RESULTS 
The biochemical composition of sea urchin tissues sampled 
from the natural populations and rearing stations are given 
in Figs 1 to 3. 
Results of the statistical analysis reveal that the biochem- 
ical composition of the gonads in sea urchins sampled from 
the two in situ sites (pebble area and seagrass beds) is similar 
for all the components examined and this regardless of sam- 
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TABLE 1. Ingredients used in the preparation of the artificial feed (expressed as a percentage). The artificial feed contain 56% 
of base meal mixed into a 12.5% gelatin solution. Biochemical composition is also expressed as a percentage (in dry weight). 
Energetic levels are expressed in kJ . g-l dry weight 
Vegetable-based Mixed-based Animal-based 
artificial feed artificial feed artificial feed 
Corn meal 
Wheat meal 
Fish meal 
Sunflower oil 
Cod liver oil 
Vitamin ad mineral 
mixture’ 
Soluble proteins 
Soluble carhohyllrates 
Total lipi& 
Ash 
44.7% 22.35% 0.0% 
44.7% 22.35% 0.0% 
0.0% 44.70% 89.4% 
8.9% 4.45% 0.0% 
0.0% 4.45% 8.9% 
1.7% 1.70% 1.7% 
12.7% 28.9% 47.2% 
58.2% 35.3% 15.9% 
10.7% 12.8% 15.5% 
4.9% 8.1% 10.7% 
,‘The mixture 1s III& up of (expressed in mg or UI/kg of feed): Tocopherol acetate: 70.8 Ul, ascorhlc acid: 283 mg; Thiamin: 7.1 mg; Riboflavin: 7.6 mg; 
Pyridoxme: 9.4 mg; cyan&&mine: 0.014 mg; Biotine: 0.47 mg; Folic acid: 1.89 mg; calcium pantorhenate: 23.6 mg; Vit A: 710 Ul; vit D,: 700 Ul; Niacin: 
14.6 mg; Ca(XL: 2.1 mg; Cu SO,: R.4; Fe SO,: 4.7 mg; NaF: 7.1 mg; Mg CO,: 174 mg; Mn SO+ 18.9 mg; CaHP04: 75.5 mg; Zn SO,: 7.7 mg. 
FIG. 1. Paracentrotus lividus. Biochemical composition of the gonads (mean + CI) for the 4 samplins months (A to D) and 
for the 6 sea urchin groups. Populations: IS: in situ population; T: intensive rearing in Tanks, E: open sea rearing in Enclosures. 
Diets: NOD: natural omnivore diet, Cn: Cymodocea nodosa, VAF: vegetable-based artificial feed, MAF: mixed-based artificial 
feed, AAF: animal-based artificial feed. A: in August, size class 41-50 mm; B: in November, size class 3 l-40 mm; C: in 
February, size class 31-40 mm; D: in May, size class 31-40 mm. Note. Also shown are the ANOVA test results: degrees of 
freedom, F values, significance level (ns: nonsignificant, *p > 0.05; wp > 0.01). Tukey test is presented when ANOVA is 
significant: values that do not differ at the 0.05 level are noted with the same letter. 
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FIG. 2. Paracentrotus hidus. Biochemical composition of the gut (mean + CI) for the 4 sampling months (A to D) and for 
the six sea urchin groups. Populations: IS: in situ population; T: intensive rearing in Tanks, E: open sea rearing in Enclosures. 
Diets: NOD: natural omnivore diet, Cn: Cymodocea nodosa, VAF: vegetableebased artificial feed, MAF: mixed-based artificial 
feed, AAF: AnimaLbased artificial feed. A: in August, size class 41-50 mm; B: in November, size class 3 l-40 mm; C: in 
February, size class 31-40 mm; D: in May, size class 3 l-40 mm. Note. Also shown are the ANOVA test results: degrees of 
freedom, Fvalues, significance level (ns: nonsignificant, *p > 0.05; **p > 0.01). Tukey test is presented when ANOVA is 
significant: values that do not differ at the 0.05 level are noted with the same letter. 
pling month (cf. ANOVA tests results in Fig. 1, for all of 
them, P > 0.05) (i.e., approximate biochemical composi- 
tion of the gonads in August: soluble proteins 43%, insolu- 
ble proteins 29%, carbohydrates 8%, lipids 13% and ash 
7%). In situ, the biochemical composition of the test is also 
similar (for all the components) at both of the studied sites 
and this for the four sampling month (cf. ANOVA tests 
results in Fig. 3, for all of them, P > 0.05) (i.e., approximate 
biochemical composition of the tests in August: soluble pro- 
teins 3%, insoluble proteins 14%, carbohydrates 0.2%, lip- 
ids 0.3%, and ash 82.5%). For the gut, the only signiticant 
difference observed between the two sites is for the carbohy- 
drates levels in February (ANOVA test, F(5, 54) = 11.4, 
P < 0.05): the carbohydrate level is greater in the gut of 
urchins living on the seagrass bed than is observed for those 
living on the pebble bottom. No significant differences are 
observed for the remaining biochemical components month 
(cf. ANOVA tests results in Fig. 2, P > 0.05) (i.e., approxi- 
mate biochemical composition of the gut in August: soluble 
proteins 37%, insoluble proteins 35%, carbohydrates lo’%, 
lipids 12% and ash 4%). 
The reared sea urchins exhibit significant variations in 
their biochemical composition depending on the type of 
feed provided and this for the gonad (Fig. l), gut (Fig. Z), 
and test (Fig. 3). 
For the gonads, lipid levels are higher when individuals 
are fed either the animal-based feed (i.e. 20% in November) 
and occasionally with mixed-based feed than with others 
feeds (i.e., 13% in November with Cymodocea nodosa) (cf. 
ANOVA test results, Fig. 1). Differences are also observed 
for carbohydrates but only for sea urchins reared in tanks: 
gonad carbohydrate levels are highest when sea urchins are 
fed the vegetable-based artificial feed while the gonad lipid 
levels are highest when individuals are fed the animal and 
mixed artificial feeds (cf. ANOVA test results, Fig. 1). A 
comparison between the natural population and the reared 
sea urchin data reveals that reared individuals fed Cymodo- 
tea nodosa have the same gonad biochemical composition 
as those of the natural population and this regardless of the 
rearing conditions (open-sea or inland) (cf. Tukey test re- 
sults, Fig. 1). For the other biochemical components, solu- 
ble proteins and ash do not vary according to diet (cf. 
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FIG. 3. Paracentrotus lividus. Biochemical composition of the test (mean + CI) for the 4 samplins months (A to D) and for 
the 6 sea urchin groups. Populations: IS: in situ population; T: intensive rearing in Tanks, E: open sea rearing in Enclosures. 
Diets: NOD: natural omnivore diet, Cn: Cymodocea nodosa, VAF: vegetable-based artificial feed, MAF: mixed-based artificial 
feed, AAF: Animal-based artificial feed. A: in August, size class 41-50 mm; B: in November, size class 31-40 mm; C: in 
February, size class 3 I-40 mm; D: in May, size class 31-40 mm. Note. Also shown are the ANOVA test results: degrees of 
freedom, F values, significance level (ns: nonsignificant, *p > 0.05; **p > 0.01). Tukey test is presented when ANOVA is 
significant: values that do not differ at the 0.05 level are noted with the same letter. 
ANOVA test results, Fig. 2). The variations observed in 
insoluble protein levels are only a reflection of the lipid or 
carbohydrate differences. 
For the gut, the influence of diet on gut carbohydrate, 
lipid levels and insoluble protein levels is significant (cf. 
ANOVA test results, Fig. 2). Globally, the lipids and carbo- 
hydrate levels are higher in sea urchins fed mixed and ani- 
mal artificial feeds (in rearing in tanks, or in enclosures) 
than with the other feeds (i.e. in tanks in august, 23.3% of 
lipids, 15.7% cd carbohydrates with mixed diet and 12.4% 
of lipids, 10.1% of carbohydrates with Cymodocea nodosu) 
(Tukey test, Fig. 2). As was observed for the gonad, the gut 
biochemical composition in the natural sea urchin popula- 
tion is similar (in soluble proteins, lipids, carbohydrates, in- 
soluble proteins and ash) to that observed in reared individ- 
uals fed Cymodocea nodosa (cf. Tukey test results, Fig. 2). 
For the test, the diet of reared sea urchins seems to intlu- 
ence the carbohydrate and/or lipid levels (cf. ANOVA test 
results, Fig. 3). Generally, the lowest levels are observed in 
individuals fed Cymodocea nodosa (i.e., 0.4% of lipids and 
0.7% carbohydrates in enclosures, in February), and the 
highest levels are recorded for animals fed the mixed feed 
or animal feed (i.e, with animal feeds: 1.2% of lipids and 
1.3% carbohydrates in enclosures, in February) (Tukey test, 
Fig. 2). As was observed for the two other tissues, individu- 
als form the natural populations have the same test bio- 
chemical composition (soluhle proteins, lipids, carbohy- 
drates, insoluble proteins and ash) as that observed in reared 
individuals fed Cymodocea nodosa (Tukey test, Fig. 2). 
Statistical analysis of the seasonal variations of the differ- 
ent biochemical components reveals that these variations 
are mainly significant for the gonads and gut. For the go- 
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nads, seasonal variations are observed mostly for the pro- 
teins (two-way ANOVA, season factor, F = 32.3, P < 
O.OOl), lipids (two-way ANOVA, season factor, F = 32.8, 
P < 0.001) and in soluble (two-way ANOVA, season fac- 
tor, F = 40.7, P < 0.001). Statistical analysis reveals that 
the interaction between the two factors (diet/site and sea- 
son) are not significant (two-way ANOVA, interaction, F 
= 0.19 to 1.1, P > 0.05). This would seem to suggest that 
the seasonal variations observed are identical regardless to 
the habitat (in situ or in rearing) or the food ingested by 
the sea urchin (natural food or artificial food). For the gut, 
seasonal variations are observed for the proteins (two-way 
Anoua, season factor, F = 5.8, P < O.Ol), lipids (two-way 
ANOVA, season factor, F = 6.4, P < 0.05), carbohydrates 
(two-way ANOVA, season factor, F = 7.8, P < 0.001) and 
insoluble proteins levels (two-way ANOVA, interactions, 
F = 31.3, P < 0.001). As above, statistical analysis reveals 
that the interaction between the two factors (site/diet and 
season) are not significant, (two-way ANOVA, intersection, 
F = 0.17 to 3.36, P > 0.05). As for gonads seasonal varia- 
tions observed on biochemical component of the gut are 
similar whatever the site and the food provided. 
DISCUSSION 
The results of the present study reveal that, the biochemical 
composition of Paracenrrotus Ii&us is similar to that ob- 
served in urchins from other parts of the world (6,7,11, 
12,16,17,18,-31,33). The gonads and gut contain a high 
level of protein both soluble and insoluble). Lipids are also 
relatively abundant while carbohydrate levels are low. This 
distribution is almost identical to that observed in a large 
number of Echinoidea from Antarctic, temperate and tropi- 
cal waters (11,12,20,21,30). Such similarities in the distri- 
bution of biochemical components are due to the organiza- 
tion of the various organs which is similar in all the 
Echinoidea, and this regardless of species and geographical 
location (21,30). As was found for the other organs exam- 
ined, no major difference in the composition of the test is 
observed between sea urchins of the present study and those 
living at different latitudes or depths (21,30). The majority 
of the test is always composed of ash originating from the 
skeletal matter. The most abundant organic compounds are 
the soluble and insoluble proteins while the lipid and carbo- 
hydrate levels are low. The importance level of skeletal ma- 
terial in the test points to the structural function of this 
organ (30). 
If the biochemical composition is quite similar in all parts 
of the world, our results show that this composition can be 
influenced, under rearing conditions, by the food provided. 
In the presented study, the food available to the two natural 
populations, however, did not seem to influence the bio- 
chemical composition of the various tissue components ex- 
amined. Due to the greater availability of food in the sea- 
grass bed, it was conceivable that individuals living in this 
habitat beds would have contained more lipids and carbohy- 
drates, and this in all three of the tissues examined. Indeed, 
the stocking of reserves in different organs is well docu- 
mented in sea urchins (6,7,15,17,18,24) and studies on the 
utilization of reserves during starvation show that lipids and 
carbohydrates in the gonad, gut and test are solicited (6,24). 
Other studies have shown that the availability of food af- 
fects the degree of development of the reserve in gonad (23) 
and, therefore, biochemical composition. Our data indicate, 
however, that no noticeable imbalance in the biochemical 
composition exists and this despite the evident difference in 
food availability between the two populations. Sea urchins 
living on the seagrass beds do not exhibit overly important 
lipid and carbohydrate levels while those living on pebble 
bottoms do not present a deficiency in these components. 
The quantity of food consumed by sea urchins living on 
pebble bottoms seems to be sufficient to support at least 
maintenance and reproduction. Nevertheless, it is necessary 
to note that the total energy stocked in the various tissue 
types is always greater for individuals living on Cymodocea 
nodosa beds as compared to those living on pebbles bottom. 
This is due to the fact that individuals living on seagrass 
beds possess a relative gonad and test weight that is greater 
than that observed in individuals living on pebble bottoms 
(8). Energy reserves are therefore very different at the two 
sites. As Fenaux et al. (6) observed that cellular destruction 
in the gonad was sufficient to cover immediate energy needs 
and this without changing the biochemical composition, we 
can say that sea urchins from seagrass beds therefore possess 
important levels of reserves within the gonad regardless of 
the period of the year. 
Conversely, rearing in enclosures or tanks using an artifi- 
cial diet has a noticeable effect on the biochemical composi- 
tion of the tissues. For the gonad, this effect is primarily 
observed on the carbohydrate and/or lipid levels. Sea ur- 
chins fed a diet composed of fish meal present gonads rich 
in lipids. These results differ from those of De Jong-West- 
man et al. (3) for Strongylocentrotus droebachiensis. Echi- 
noidea gonads are important reserve tissues (5,6,11,12,15, 
17,18). This storage occurs in one of two ways; either 
through an increase in the size of the gonad or through the 
storage of nutrients (lipids or carbohydrates) within special- 
ized cells (13). It has previously been shown that rearing 
using artificial feeds brings about an important gonadal 
weight increase in Paracennotus lividus (10). This increase 
seems to be due, at least in part, to an accumulation of lipid 
and/or carbohydrate reserves in the cells of this organ. Con- 
versely, in natural populations, an abundance of food causes 
an increase in gonad weight (8) without varying the bio- 
chemical composition. Comparison between the two rear- 
ing methods seems to reveal that the biochemical composi- 
tion of the gonad is less influenced when urchins are reared 
in enclosures (only lipids change). This could be due to the 
fact that individuals reared in parks can ingest, in addition 
to the artificial diet provided, the fouling products gener- 
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ated within the enclosures as well as floating vegetable mat- 
ter. As a result, these additional food sources will attenuate 
the differences in the initial diets provided and, therefore, 
limit the effect of diet on gonad biochemical composition. 
Nevertheless, the same tendency toward an increase in lip- 
ids levels was observed for individuals fed the animal or veg- 
etable feeds. As in the gonad, the gut, particularly the stom- 
ach, may serve as a nutrient storage organ (2). This organ 
allows the immediate storage of excess nutrients (23). Re- 
serves are m the form of lipids and carbohydrates (2,24) and 
are immediately solicited under food limiting conditions 
(6). Biochemical composition data for the gut of reared sea 
urchins fed the two protein-rich feeds reveal that these feeds 
allow not only important growth of this organ (8), but also 
lead to an accumulation of reserves within the gut. For the 
test as well, rearing using artificial feed composed of fish 
meal allows the stocking of reserves in the form of carbohy- 
drates and lipids. Several authors have demonstrated the 
role that this organ plays in the stocking of reserves (6,19). 
Under f&d limiting conditions, carbohydrates of the test 
are used first, followed by the lipids and proteins (6,19). 
Seasonal variations in the biochemical composition of 
the gonads and gut have already observed of other species 
(5,28,32,33). As a general rule, these variations are linked 
to the reproductive cycle for the gonads (5,33) and to the 
season feeding level (repletion index cycle) and/or repro- 
ductive cycle for the gut (5,23). The results obtained here, 
although limited, seem to be in agreement with those ob- 
tained by other authors: an accumulation of reserves is seen 
in the gonads during gonadal growth period (high levels in 
February) and an increase in proteins levels during gameto- 
genesis (in May). It is important to note that the biochemi- 
cal composition variations in wild sea urchins are identical 
to those observer for reared urchins. This would seem to 
suggest that, despite an accumulation of reserves, the physi- 
ological (reproduction) and feeding cycles are not affected 
by rearing conditions and do not appear to be influenced 
by the type of food ingested. 
A number of studies dealing with Paracentrotus lieridus 
aquaculture indicate that the quality of the artificial feed 
used for rearing influences a number of parameters which 
include test growth (8,9), gonadic growth (10) and nutri- 
tion parameters (8). This study seems to demonstrate that 
the quality of the food also greatly influence the biochemi- 
cal composition of the sea urchin body components. The 
above studies reveals that protein-rich feed (animal-based 
artificial feed and mixed-based artificial feed) allow an im- 
portant somatic and gonadic growth from a low levels of 
feeding (8,lO) but also lead to the storage of nutrients in 
the different sea urchin organs particularly in gonads. The 
lipid and carbohydrate reserves are generally considerate to 
be lost energy (mainly for growth) by sea farmers and can, 
in addition, alter the gustatory quality of the products. It 
would, therefore, appear to be of prime importance to im- 
prove the feed composition in order to obtain the fastest 
1383 
growth possible while at the same time limiting excessive 
nutrient storage (especially in the test and the gut). For the 
gonad, however, this accumulation of reserves is a beneficial 
aspect for it contributes to the development of this organ, 
which is economically interesting for the roe market. 
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